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Abstract
Background: This study describes the key areas that matter to adolescent survivors of IMD.
Satisfaction with Life After Meningitis is a brief multidimensional measure of health related
quality of life that is reliable and correlates with criterion variables in a theoretically
meaningful way
Objectives: To develop a Health Related Quality of Life (HRQOL) measure for adolescent
and young adult survivors of invasive meningococcal disease (IMD).
Method: Cross-sectional study and focus groups. The study was conducted in two phases. In
Phase 1 a pool of potential items were generated based on the following: a review of existing
measures, focus groups with IMD survivors, and an expert group consultation. Phase 2
administration of the questionnaire to a sample of adolescent and young adult IMD survivors.
Results: Factor analysis suggested a correlated four factor solution: Wellbeing, Positive
about Future, Social Support, and Confidence. These factors were significantly correlated in a
theoretically predictable way with scores from the Beck Depression Inventory (correlations
ranged from -.77 to -.81) and the eight domains of the SF-36 Health Survey (correlations
ranged from .32 to .79). The reliability of all subscales was high ranging from .85 to .92.
Conclusions: The Satisfaction with Life After Meningitis (SLAM) questionnaire is a HRQoL
self-report measure that produces reliable scores and is appropriate for use with young
survivors of IMD. There is also evidence of concurrent validity with existing measures of
physical and psychological well-being.

Introduction: Measures of health related quality of life (HRQoL) are increasingly important
in the evaluation of illness outcomes and healthcare (Garratt et al., 2002) HRQOL is not just
defined by what an individual can or cannot do, but also the meaning that he/she attributes to
different levels of functioning (Gill & Feinstein 1994). HRQoL is a multidimensional concept
including aspects of life that are not generally considered as ‘health’, such as income,
freedom, and the quality of the environment. For survivors of conditions such as invasive
meningococcal disease (IMD) which cause high rates of complications particularly in
adolescents and young adults. ( Harrison et al 2001 Erickson & De Wals 1998; Sander, Bay,
& Gedde-Dahl 1984) all aspects of life can become health related (Guyatt 1993) because of
the way IMD affects their overall quality of life. Complications include major physical and
neurological complications of the disease in early childhood including cognitive impairment,
epilepsy, vasculitis, arthritis, and sensorineural hearing loss (Fellick, Sills, Marzouk, et al
2001, Baraff, Lee, Schriger 1993, Naess, Halstensen, Nyland, et al 1994) Outcome studies
which have included adolescents have shown they suffer high rates of physical sequelae,
complain of general problems with physical health and report memory and concentration
problems and reduced quality of life ( Erickson, De Wals, 1998, Sander, Bay, Gedde-Dahl
1984) The most important aspects of HRQoL are physical and mental health, social
function, role and general well being (Ridley 1997). The goal of health care is to maximize
the health component of quality of life (Bowling 1995).
Little is known regarding HRQOL in adolescent survivors of IMD with no specific
instruments to measure HRQOL post-IMD. Adolescence is characterised by attempts to
establish autonomy and independence, close personal relationships, educational goals and
financial security. Theses developmental changes make it inappropriate to use either child or
adult instruments in young people (Eiser & Morse, 2001)
Generic adolescent instruments include the Child Health and Illness Profile – Adolescent
Edition (Starfield et al, 1993) , the Quality of Life Profile – Adolescent Version (Raphael, et

al 1996) and the 16 Dimensions scale (Apajasalo et al, 1996 ) However, none of these were
designed to assess the unique impairments that follow IMD. The sequelae of IMD may be too
specific to be detected by generic quality of life (QOL) instruments, which do not address the
individuals perceived quality of life affected by disease, illness or disability and may
underestimate the severity of deficits. Specific instruments for other conditions are similarly
unlikely to be useful in assessing HRQOL in IMD survivors.
In our outcome study of IMD in adolescent survivors compared with age and sex matched
controls (Borg, et al., 2010) significant impairments were found in social, physical, mental
health and cognitive domains. Survivors rated their overall QOL using a simple likert scale.
They rated it as significantly worse than peers and deteriorating since the episode of IMD.
This simple approach did not indicate which deficits were of greatest concern for the
individuals concerned. Disease-specific HRQOL instruments provide greater sensitivity and
specificity in addressing patient concerns in specific conditions such as asthma, epilepsy, and
arthritis (Eiser & Morse 2001) (Deyo & Patrick 1989). The main aim of this study was to
develop a IMD-specific HRQOL questionnaire for young people .
Patients and Methods:
Young people were recruited from Scotland, Northern Ireland, and England through 3 UK
charities providing support related to IMD: The Meningitis Trust; Meningitis Research
Foundation and Meningitis UK. The charities contacted all adolescents and young adults
aged 15 to 27 years from their databases with clinically proven MD within the previous 5
years. Fanilies that were interested in participation contacted the researchers. The young
people who participated in each phase of the project had varied physical complications of
MD, were different ages and gender, and were either at school or university, unemployed or
in full-time employment. Informed written consent or assent was obtained for participation
from both the young person and parent/carer. The study was approved by the Research Ethics
Committee of University College London.

Procedure
Phase 1. Item Development and Refinement by Focus Group and Expert Group.
Phase 1 identified relevant domains and generated a large pool of potential items in four
stages in order to create a baseline questionnaire. First, a literature review of generic
adolescent measures identified existing domains. Second, six professionals with experience in
developing HRQOL instruments were invited to form a multi-disciplinary Expert Group
(EG). Panel members included psychologists (n=2), clinical research fellows (n=2),
dermatologist (n=1) and a chief scientific officer (n=1).
Comments from the EG were analysed using Delphi which is an appropriate consensus
method (Jones & Hunter 1995;Linstone & Turoff 1975) that has been used extensively in the
context of health care (Bellamy et al. 1991;Chin, Sato, & Mann 1990;Khan et al.
1994;Mobily, Herr, & Kelly 2007;Oranga & Nordberg 1993) and provides an effective
structure for analysis of group communication.
Thirdly a semi-structured interview was used in focus groups attended by 18 English
speaking young adult survivors of IMD (mean age 19.3 years: thirteen (72.2%) female).
Participants were asked to (1) describe their understanding of HRQOL, (2) describe the effect
of IMD on different areas of their life, (3) identify the most important effect IMD had had on
their life and (4) identify areas of life that should be included on a HRQOL questionnaire for
young survivors of IMD. The groups lasted approximately 90 minutes. Each participant was
given a £20 voucher for attending. Conversations were tape-recorded, transcribed verbatim
and analysed to generate a list of domains, themes and sub-themes using Interpretive
Phenomenological Analysis (IPA).
Four domains were identified; physical, social, psychological and cognitive. Members of the
EG were asked to prioritise the domains identified in order of potential impact on HRQOL in
young people after IMD. A series of questions informed by the three previous stages were
used to create a draft questionnaire. Questions were written to be clear, unambiguous, and

age appropriate using straightforward language. Focus groups participants and the EG were
sent the questions for review. Comments on pertinence, appropriateness, clarity, readability
and duplication were incorporated into the final draft which contained a total of 93 items. The
Flesch Reading Ease score was used to assess the questions. This rates text on a 100-point
scale; the higher the score, the easier it is to understand the document. The questionnaire
achieved a score of 57 with the majority of standard documents aiming for a score of
approximately 60 to 70. All items were presented using a 5-point Likert response scale that
indicated frequency (1 ‘None of the Time’ – 5 ‘All of the Time’), intensity (1 ‘Not at All’ – 5
‘A Great Deal‘), or satisfaction (1 ‘Very Dissatisfied’ – 5 ‘Very Satisfied‘). All scores were
coded so that high values indicated higher quality of life.
Phase 2.: Questionnaire testing.
Fifty-one young adults were recruited for phase two and agreed to complete the questionniare
(mean age 24.8 (SD=1.56) years: twenty five (49 %) female). Participants lived with their
parents (41.2%), a partner (35.3%), or in shared accommodation (9.8%). Most participants
were employed (82.4%). 9.8% were self-employed and 3.9% at university. Mean age of onset
of IMD was 16.9 years (SD = 1.48). Most participants had been admitted to ICU (76.5%) for
an average of 6.75 days (SD = 9.96). The majority reported both meningitis and septicaemia
(56.9%) with meningitis alone (31.4%) or septicaemia alone (5.9%). Each young person was
interviewed for approximately 2 hours and completed the draft SLAM questionnaire, the SF36 Health Survey (SF-36: Ware, Snow, Kosinski, et al., 1993) and the Beck Depression
Inventory (BDI: Beck, 1987).
The SF-36 is a 36-item self-report measure that assesses physical and psychological
wellbeing and functioning across eight domains; physical functioning, limited by physical
problems, limited by emotional problem, social functioning, mental health, energy, pain, and
general health perception. Responses are summed and transformed to a 0 to 100 scale with
higher scores reflecting positive evaluations. Extensive research on the psychometric

properties of scores derived from the measure suggest acceptable levels of reliability and
validity (Ware, Snow, Kosinski, et al., 1993; Jenkinson, Layte, Wright, et al. 1996;
Jenkinson, Stewart-Brown, Petersen, Paice, 1999)
The Beck Depression Inventory (BDI: Beck, 1987) is a standardized 21-item self-report
measure that assesses the presence and severity of symptoms of depression. Higher total scale
scores reflect higher levels of severity. The BDI produces reliable and valid scores for adults
(Arnau, Meagher, Norris, & Bramson, 2001) and adolescents (Krefetz, Steer, Gulab, & Beck,
2002) in a diverse range of clinical and non-clinical samples.
Questionnaire Refinement using Factor Analysis A process of item deletion for the 93
baseline items was conducted using two exclusion criteria. First, to avoid floor or ceiling
effects all items that had 80% or more of the responses in one category were eliminated.
Second all items that were skewed (> 1) were eliminated to ensure adequate scale score
variability. The factor structure of the remaining items was determined using exploratory
factor analysis. The models were estimated using maximum likelihood based on a covariance
matrix using LISREL8.70 (Jöreskog & Sörbom, 2004). Models with two or more factors
employed an oblique (promax) rotation. Eight models were tested; models included zero to
seven factors. For each model the chi-square statistic and the root-mean-square error of
approximation (RMSEA: Steiger, 1990) were used to assess model fit. A chi-square which
was not significant and a RMSEA value less than .05 were used as criteria for acceptable
model fit (Jöreskog & Sörbom, 1996). In addition parsimony was considered; the best model
should be significantly better than the model with one less factor and not significantly
different to the model with one more factor. Reliability for each subscale was estimated using
Cronbach’s alpha.
Concurrent validity was assessed by correlating mean sub-scale scores with the SF36 and
BDI

Results

The first and second exclusion criteria resulted in removal of 22 and 43 items respectively.
The original item pool was therefore reduced to 28 items after the initial set of exclusion rules
were applied. For these items the Kaiser-Meyer-Olkin measures the sampling adequacy was
satisfactory (.82) and Bartlett's Test of Sphericity was significant (χ2=1177.05, df=378, p <
.01); indicating that the data were suitable for factor analysis. The fit statistics for the factor
analyses are reported in Table 1.

Table 1 here

Both the chi-square and the RMSEA indicated that the model with four factors was
acceptable in terms of model fit. The four-factor model was significantly better than the
three-factor model (Δχ2 = 72.99, Δdf = 26, p < .05) and not significantly different from the
five-factor model (Δχ2 = 36.99, Δdf = 25, p > .05). The factor loadings are reported in table 2.
The solution had few cross loadings greater than .30.

Table 2 here

The highest loading items for each factor made the labelling of factors 1, 2, and 4
straightforward. Items tapping a range of negative moods, emotions, feeling and somatic
experiences loaded on Factor 1. As all the items are scored towards higher quality of life this
factor was labelled “Wellbeing”. Many items that loaded on Factor 2 related to positive
evaluations about future, resilience, and self-efficacy. The factor was labelled “Positive about
Future”. All the items that loaded on Factor 4 were related to social activities and was
labelled “Social Support”. Only three items loaded on Factor 3 which was not clearly defined

as two items had large cross loadings with the “Positive about Future” factor. Confidence
was a core element of the three items so Factor four was labelled “Confidence”.

Factor correlations, estimates of reliability (Cronbach’s alpha), and mean sub-scale scores are
reported in Table 3. All four factors were positively correlated with correlations ranging from
.37 to .59. The correlations were not too high as to suggest redundancy. The reliability of all
subscales was high ranging from .85 to .92

Table 3 here

The scores on each subscale were summed and correlated with scores on the eight domains of
the SF-36 and the total BDI scores. The correlations are reported in Table 4.

Table 4 here

Each of the subscales correlated positively with each of the SF-36 domains, and the
correlations were all statistically significant. The subscales also demonstrated a degree of
unique predictive utility demonstrated by the correlations within each domain being different.
The correlations with the BDI scores were all negative and statistically significant. The
correlations were all similar in magnitude.

Discussion
The aim of this study was to develop a multidimensional self-report measure of HRQOL for
adolescent and young adult IMD survivors. An initial pool of items derived from focus
groups was administered to a sample of young adult survivors. Initial item reduction was
based on distributional criteria which trimmed the total number of candidate items to twenty-

eight. Factor analysis suggested four correlated factors each with acceptable levels of
reliability. These factors were associated with SF-36 domains and BDI scores in a
theoretically predictable manner.
Factor loadings reported in Table 2 show that for each factor all the loadings are higher than
.30 (Nunnally & Bernstein, 1994). These high factor loadings explain the high levels of
reliability reported for each subscale. The “Wellbeing” and “Positive about Future” subscales
that represent these factors were comprised of 12 and 8 items respectively. The remaining
subscales were comprised of 3 and 5 items. Given the high reliability of these there may be
an opportunity to further shorten the scale by removing some of the items with lower factor
loadings from the ‘Wellbeing’ and ‘Positive about Future’ subscales. The factor correlations
are moderate, ranging from .374 to .590 with, a mean correlation of .491. This suggests that
each subscale should have differential predictive utility.
For scores from a HRQOL scale to have clinical utility the scale also needs to be related to
other theoretically related constructs. Each subscale was significantly related to a range of
measures of physical and psychological wellbeing and functioning. For many of the criterion
variables, the correlations were high, indicating convergent validity. Additionally, there was
also some evidence of discriminate validity. For example the associations between Limited
by Physical Problems sores and scores on the SLAM subscales were quite different, being
non-significant for the ‘Positive about Future’ subscale but high and statistically significant
for the ‘Confidence’ subscale.
SLAM is slightly shorter than the SF-36 with the potential for further reduction of items. It
therefore takes slightly less time to complete and it’s focus on what is important to survivors
of invasive meningococcal disease makes it a more suitable measure of HRQOL than other
more generic scales
Limitations

We acknowledge this study had a number of limitations. The young people were recruited
through charities that offer support to families that have experienced meningitis. These
families have actively sought help and therefore it is possible that this sample represents
young people who are more likely to be experiencing difficulties. In addition over 75% of
the sample had been admitted to ICU. This means that the sample was highly self-selected
and potentially likely be young people who have experienced a greater impact of meningitis.
As the questionnaire is designed to identify difficulties we believe that this is an appropriate
sample and that the scale therefore has high face validity
There was a higher percentage of females in the focus groups (phase one) than in the group
that completed the questionnaires (phase two). Our clinical experience is that females are
more likely to be interested in ‘talking’ than young men and therefore this will have
contributed to those young people that contacted us expressing an interest to take part in the
focus groups . Young people self selected to participate and we did not wish to refuse
individuals that expressed an interest in contributing to the research in order to balance
gender in the arms.
The sample size was relatively small which means that replication is necessary in order to establish
the stability of the factor structure that was reported. However, recent research has shown that
exploratory factor analysis with small samples, such as 50, can successfully recover the factor
structure particularly if the factor loadings are high, small number of factors, and large number of
variables (de Winter, Dodou, & Wieringa, 2009). The “Confidence” factor was not well defined and
was measured by only three items. Two of the items cross-loaded on the “Positive about Future”
factor so subsequent research is needed to ensure that the “Confidence” factor is providing additional
and unique information. This may require a broader range of criterion variables to be used in
subsequent validation studies.

All the variables in this study were measured using self-report and so the associations may be
attributable to shared method variance. Future research could also include HRQOL ratings from other

sources such as clinicians, carers, and friends to estimate inter-rater reliability. Furthermore it would
be useful to assess temporal changes in HRQOL and how these relate to changes in clinical status
(Aspesberro, Mangione-Smith, & Zimmerman, 2015). We also plan to analyse data from a wider age
range using data from a large case-control study of the effects of Meningitis B (Viner et al 2012). We
do not currently have plans to validate the scale in other languages although we would be very pleased
if any studies of meningitis survivors completed in different countries would be interested in
collaborating .

The aim of the study was to produce a disease specific scale that tapped into the particular
issues for meningitis survivors. Interestingly the instrument does not focus on specific aspects
of meningococcal disease and is relatively generic. However it has been constructed by
young people who are survivors and therefore reflects the key areas that matter to these
young people rather what the investigators may have included had they not consulted the
young people in the focus groups.
Conclusion:
This study reports a four-factor model of quality of life based on twenty eight items. The
Satisfaction with Life After Meningitis (SLAM) questionnaire is a brief multidimensional
measure of HRQOL that produces scores that correlate with criterion variables in a
theoretically meaningful way. It is proposed that the questionnaire undergoes further
psychometric evaluation using a larger sample and a broader range of criterion variables.
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Table 1. Fit statistics for alternative factor analytic models of SLAM items.
Factors
0
1
2
3
4
5
6
7

χ2
1246.98
615.21
477.50
388.00
315.00
278.02
243.05
214.10

df
406
377
349
322
296
271
247
224

p
0.00
0.00
0.00
0.01
0.21
0.37
0.56
0.67

Δχ2

Δdf

p

631.78
137.70
89.51
72.99
36.99
34.96
28.96

29
28
27
26
25
24
23

0.00
0.00
0.00
0.00
0.06
0.07
0.18

RMSEA
0.20
0.11
0.08
0.06
0.03
0.02
0.00
0.00

Table 2. Factor loadings for maximum likelihood (promax rotated) factor analysis of SLAM items.
Item
During the past 4 weeks…

I have felt sad
I have felt like crying
I have felt achieved things
I have felt worried
I feel physically tired and worn out
I have been feeling down
I have felt irritable
I have felt mentally tired
I have felt happy
I have felt healthy
I have felt cheerful
I have felt self-critical
I am confident that I can fulfil any ambitions I have
I am confident that I can do the things I want to do
I am confident that I can make plans for the future
I am confident that I can get on with my life as best as I can
I am confident that I can deal with any difficulties I encounter
I feel my self-confidence is high after meningococcal disease
Health was not a worry
not getting enough sleep
I am confident that I can enjoy life to the full
I am confident that I can meet new people and go to new places
I have felt lacking confidence

Factor 1

Factor 2

Factor 3

Factor 4

Wellbeing

Positive
about
Future

Confidence

Social
Support

0.852
0.816
0.669
0.624
0.537
0.523
0.518
0.465
0.406
0.400
0.378
0.373

0.312
0.302
0.347
0.340
0.973
0.921
0.833
0.578
0.571
0.554
0.522
0.364
0.501
0.368

0.396
0.322

0.638
0.621
0.474

I have met new people
I have socialised with friends
Do you enjoy social activities?
siblings have been understanding and helpful
Note. Highest factor loading for each item in bold. Loadings < .30 not shown.

0.966
0.952
0.677
0.448

Table 3. Factor correlation and Cronbach’s alpha (95% confidence intervals) for the fourfactor model of SLAM items.

Wellbeing
Wellbeing
Positive about Future
Confidence
Social Support
Scale mean (SD)
Cronbach’s alpha

1.000
0.533
0.478
0.590
2.58 (.75)
.919
(.882, .948)

Positive
about Future
1.000
0.462
0.512
3.18 (.97)
.917
(.878, .947)

Confidence

1.000
0.374
2.91 (1.05)
.888
(.822, .932)

Social
Support

1.000
2.49 (1.03)
.851
(.771, .908)

Table 4. SLAM subscale correlations (95% confidence intervals) with SF-36 domains and the total BDI scores.
SF36 Physical
functioning
Wellbeing

.391**
(.129, .601)

SF36 Limited
by physical
problems
.328**
(.057-.553)

Positive about
Future

.327*
(.056, .552)

.161
(-.119, .418)

.331*
(.060, 0.555)

.511**
(.274, .689)

.792**
(.660, .876)

.615**
(.408, .761)

.352*
(.084, .572)

.516**
(.280, . 693)

-.787**
(-.873, -.653)

Confidence

.446**
(.194, .642)
.342*
(.073, .564)

.400**
(.139, .608)
.377**
(.113, .591)

.404**
(.144, .611)
.490**
(.247, .674)

.599**
(.387, .750)
.589**
(.374, .743)

.676**
(.492, .802)
.638**
(.439, .776)

.598**
(.385, .744)
.667**
(.479, .796)

.476**
(.230, .664)
.447**
(.195, .643)

.606**
(.396, . 755)
.655**
(.462, . 788)

-.811**
(-.888, -.689)
-.793**
(-.876, -.662)

Social Support

SF36 Limited
by emotional
problems
.599**
(.387, .750)

SF36 Social

SF36 Mental

SF36 Energy

SF36 Pain

.721**
(.555, .831)

.876**
(.791, .927)

.793**
(.662, .876)

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed)

.401**
(.139, .608)

SF36 General
Health
Perception
.636**
(.437, .775)

BDI

-.770**
(-.862, -.627)

